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19372097 BIOSISNO.: 200700031838 

Human C5aR knock-in mice facilitate the production and assessment of 

anti-inflammatory monoclonal antibodies 
AUTHOR: Lee Hyun; Zahra David; Vogelzang Alexis; Newton Rebecca; Thatcher 

Jenny; Quan Annie; So Trina; Zwirner Joerg; Roentgen Frank; Padkjaer 
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ABSTRACT: Complement component C5a binds C5a receptor (C5aR) and 

facilitates leukocyte chemotaxis and release of inflammatory mediators. 
We used neutrophils from human C5aR knock-in mice, in which the mouse 
C5aR coding region was replaced with that of human C5aR, to 
immunize wild-type mice and to generate high-affinity antagonist 
monoclonal ***antibodies*** (mAbs) to human ***C5aR*** . These mAbs 
blocked neutrophil migration to C5a in vitro and, at low doses, both 
prevented and reversed inflammatory arthritis in the murine K/BxN model. 
Of similar to 40 mAbs generated to C5aR, all potent inhibitors 
recognized a small region of the second extracellular 

***loop*** that seems to be critical for regulation of receptor activi 
Human C5aR knock-in mice not only facilitated production of 
high-affinity mAbs against an important human therapeutic target but were 
also useful in preclinical validation of the potency of these 
antagonists. This strategy should be applicable to other important mAb 
therapeutics . 
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Evaluation of C3a receptor expression on human leucocytes by the use of 

novel monoclonal antibodies 
AUTHOR: Zwirner J (Reprint); Goetze 0; Begemann G; Kapp A; Kirchhoff K; 

Werfel T 
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ABSTRACT: Varying results have been published in the past regarding the 
reactivity of different leucocyte subpopulations , including neutrophils, 
monocytes and B lymphocytes, to the anaphylatoxin C3a and its degradation 
product C3a(desArg). To better characterize the cellular distribution of 
C3a receptor (C3aR) expression, monoclonal antibodies against two 
different epitopes on the third extracellular domain of the 
human C3aR were generated. Quantification of C3aR as compared with 
C5aR densities was performed on peripheral blood leucocytes by 
quantitative indirect immunofluorescence. Eosinophils and basophils 
expressed similar numbers of C3aR and ***c5aR*** molecules/cell. On 
eosinophils 10 700 +- 4500 (mean +- SD) C3aR and 14700 +- 4100 C5aR 
were found, whereas basophils carried 8100 +- 2100 C3aR and 13 500 +- 
3800 ***c5aR*** , Monocytes expressed approximately six times more C5aR 
than C3aR molecules on their surface (6000 +- 2500 C3aR versus 34 100 +- 
9300 C5aR molecules) whereas on neutrophils, the expression of C5aR was 
more than 20 times higher than the expression of C3aR (3100 +- 1000 C3aR 
versus 63 500 +- 12 200 C5aR) . No C3aR expression was detectable on 
peripheral blood-derived B lymphocytes and on tonsillar B cells before 
and after stimulation with interleukin-2/Staphylococcus aureus Cowan 
strain I. Our findings correspond well with the paucity of data on 
C3a-induced functional activities in monocytes and neutrophils and 
suggest that eosinophilic and basophilic granulocytes represent the 
primary effector cells in the peripheral blood which can be stimulated by 
C3a. 
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ABSTRACT: Molecular cloning has revealed the DNA sequence of the human 
receptor for the C5a anaphylatoxin (C5aR) . In this study, mAb and 
polyclonal antibodies with specificities for deduced hydrophilic 
sequences of the receptor protein were employed to determine the 
expression and the topography of C5aR on PBL . Evidence was obtained that 
an antigenically homogenous receptor exists on human neutrophils, 
eosinophils, and monocytes that binds C5a and C5a(desArg). The assignment 
of epitopes to extra- or intracellular receptor domains as determined by 
FACS analysis of intact or permeabilized cells confirmed the general 
topography of the C5aR that had been predicted by hydropathy 
analysis. Competitive binding studies were performed to examine whether 

***extracellular*** receptor domains participate in ligand binding. The 
occupation of the receptor by C5a inhibited only the binding of 
antibodies that were specific for the receptor's aminoterminal 

***domain*** ( ***c5aR*** -EX1). The anti-EXl mAb S5/1 effectively 
antagonized C5a/C5a (desArg) biological activity. A heptameric peptide 
(D-15DKDTLD-21 ) Was identified as the smallest receptor fragment that was 
recognized by the mAb S5/1 or by polyclonal rabbit anti-EXl Ig. These 
results imply that an amino acid sequence rich in aspartate within the 
receptor aminoterminus represents both an immunodominant epitope and a 
ligand binding site on the C5aR. 
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Molecular cloning has revealed the DNA sequence of the human receptor for 
the C5a anaphylatoxin (C5aR) . In this study, mAb and polyclonal antibodies 
with specificities for deduced hydrophilic sequences of the receptor 
protein were employed to determine the expression and the topography of 
C5aR on PBL. Evidence was obtained that an antigenically homogenous 
receptor exists on human neutrophils, eosinophils, and monocytes that binds 
C5a and C5a(desArg). The assignment of epitopes to extra- or intracellular 
receptor domains as determined by FACS analysis of intact or permeabilized 
cells confirmed the general topography of the C5aR that had been 
predicted by hydropathy analysis. Competitive binding studies were 
performed to examine whether extracellular receptor domains 
participate in ligand binding. The occupation of the receptor by C5a 
inhibited only the binding of antibodies that were specific for the 
receptor's aminoterminal ***domain*** ( ***C5aR*** -EX1). The anti-EXl mAb 
S5/1 effectively antagonized C5a/C5a (desArg) biological activity. A 
heptameric peptide (D SUB 15DKDTLD SUB 21) was identified as the smallest 



receptor fragment that was recognized by the mAb S5/1 or by polyclonal 
rabbit anti- EX1 Ig. These results imply that an amino acid sequence rich 
in aspartate within the receptor aminoterminus represents both an 
immunodominant epitope and a ligand binding site on the C5aR. 
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Molecular cloning has revealed the DNA sequence of the human receptor for 
the C5a anaphylatoxin (C5aR) . In this study, mAb and polyclonal antibodies 
with specificities for deduced hydrophilic sequences of the receptor 
protein were employed to determine the expression and the topography of 
C5aR on PBL . Evidence was obtained that an antigenically homogenous 
receptor exists on human neutrophils, eosinophils, and monocytes that binds 
C5a and C5a(desArg). The assignment of epitopes to extra- or intracellular 
receptor domains as determined by FACS analysis of intact or permeabilized 
cells confirmed the general topography of the C5aR that had been 
predicted by hydropathy analysis. Competitive binding studies were 
performed to examine whether extracellular receptor domains 
participate in ligand binding. The occupation of the receptor by C5a 
inhibited only the binding of antibodies that were specific for the 
receptor's aminoterminal ***domain*** ( ***C5aR*** -EX1). The anti-EXl mAb 

S5/1 effectively antagonized C5a/C5a (desArg) biological activity. A 
heptameric peptide ( D15DKDTLD2 1 ) was identified as the smallest receptor 
fragment that was recognized by the mAb S5/1 or by polyclonal rabbit 
anti-EXl lg. These results imply that an amino acid sequence rich in 
aspartate within the receptor aminoterminus represents both an 
immunodominant epitope and a ligand binding site on the C5aR. 
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ABSTRACT: More than 90% of G protein - coupled receptors (GPCRs) contain a 
disulfide bridge that tethers the second extracellular 

***loop*** (EC2) to the third transmembrane helix. To determine the 
importance of EC2 and its disulfide bridge in receptor activation, we 
subjected this region of the complement factor 5a receptor (C5aR) 
to random saturation mutagenesis and screened for functional receptors in 
yeast. The cysteine forming the disulfide bridge was the only conserved 
residue in the EC2-mutated receptors. Notably, - 80% of the functional 
receptors exhibited potent constitutive activity. These results 
demonstrate an unexpected role for EC2 as a negative regulator of C5a 
receptor activation. We propose that in other GPCRs, EC2 might serve a 
similar role by stabilizing the inactive state of the receptor. 
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ABSTRACT: The cyclic C5a receptor antagonist, phenylalanine 

(L-ornithine-proline-D-cyclohexylalanine-tryptophan-arginine) 

(F- (OPchaWR) ) , has apprxlOOO-f old less affinity for the C5a receptor ( 

***C5aR*** ) on murine polymorphonuclear leukocytes than on human. 
Analysis of C5aR from different species shows that a possible cause 
of this difference is the variation in the sequence of the first 

***extracellular*** ***loop*** of the receptor. The mouse receptor 

contains Y at a position analogous to P103 in the human receptor, and D 
at G105. To test this hypothesis, we expressed human ***C5aR*** mutants 
(P103 Y, G105D and the double mutant, P103Y/G105D) in RBL-2H3 cells and 
investigated the effects of these mutations on binding affinity and 
receptor activation. All three mutant receptors had a higher affinity for 
human C5a than the wild-type receptor, but showed no significant 
difference in the ability of F- (OPchaWR) to inhibit human C5a binding. 
However, all of the mutant receptors had substantially lower affinities 
for the weak agonist, C5a des Arg74 (C5adR74), and two altered receptors 
(G105D and P103Y/G105D) had much lower affinities for the C-terminal C5a 
agonist peptide analogue, 

L- tyro sine- serine-phenyl alanine- lysine-proline-methionine-proline- leucine 
-D-alanine-arginine (YSFKPMPLaR) . Although it is unlikely that 
differences at these residues are responsible for variations in the 
potency of F- (OPchaWR) across species, residues in the first 
extracellular loop are clearly involved in the recognition of both C5a 
and C5a agonists. The complex effects of mutating these residues on the 
affinity and response to C5a, C5adR74, and the peptide analogues provide 
evidence of different binding modes for these ligands on the C5aR. 
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ABSTRACT: Chimeras were generated between the human anaphylatoxin C3a and 
C5a receptors (C3aR and C5aR, respectively) to define the 
structural requirements for ligand binding and discrimination. Chimeric 
receptors were generated by systematically exchanging between the two 
receptors four receptor modules (the N terminus, transmembrane regions 1 
to 4, the second extracellular loop, and transmembrane 

region 5 to the C terminus) . The mutants were transiently expressed in 
HEK-293 cells (with or without Galpha-16) and analyzed for cell surface 
expression, binding of C3a and C5a, and functional responsiveness 
(calcium mobilization) toward C3a, C5a, and a C3a as well as a C5a 
analogue peptide. The data indicate that in both anaphylatoxin receptors 
the transmembrane regions and the second extracellular 
loop act as a functional unit that is disrupted by any reciprocal 
exchange. N-terminal substitution confirmed the two-binding site model 
for the human C5aR, in which the receptor N terminus is required 
for high affinity binding of the native ligand but not a C5a analogue 
peptide. In contrast, the human C3a receptor did not require the original 
N terminus for high affinity binding of and activation by C3a, a result 
that was confirmed by N-terminal deletion mutants. This indicates a 
completely different binding mode of the anaphylatoxins to their 
corresponding receptors. The C5a analogue peptide, but not C5a, was an 
agonist of the C3aR. Replacement of the C3aR N terminus by the C5aR 
sequence, however, lead to the generation of a true hybrid C3a/C5a 
receptor, which bound and functionally responded to both ligands, C3a and 
C5a. 
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ABSTRACT: The N-formylated tripeptide, f ormylmethionylleucylphenylalanine 
( f MLP ) , and the 74-amino-acid long human C5a anaphylatoxin activate 
phagocytic cells via two structurally related G protein-coupled receptors 
(FPR and C5aR) , which are 34% identical in amino acid sequence. C5aR 
chimeras were constructed in which the entire NH-2-terminal 
extracellular sequence or part of it was replaced by the 
counterparts from FPR or FPRH. Although the NH-2-terminal region of 
C5aR presents an extremely high interspecies variability, 
substitution of the entire NH-2-terminal sequence of C5aR by that 
of FPR or FPRH surprisingly resulted in chimeras that were apparently 
retained in the endoplasmic reticulum. In contrast, when the 
NH-2-terminal domain of FPR was replaced by the corresponding 



region from C5aR or FPRH normal expression to the plasma membrane 
and high affinity binding of N-formylated peptides were observed. Thus, 
the NH-2-terminal region of C5aR, in contradistinction to that of 
FPR, seems to be required either for the translocation of C5aR through 
the ER membrane or for correct folding and sorting of C5aR to the plasma 
membrane. Replacement of the first 8 residues of C5aR by the 
corresponding region of FPR did not alter the cellular transport and the 
C5a binding capacity, whereas the exchange of the first 13 residues 
resulted in a chimera that was readily transported to the plasma membrane 
but showed no capability to bind C5a. Mutations of Asp into Asn in the 
NH-2-terminal segment of C5aR further indicated that negative charges are 
required to endow the receptor with a C5a binding capacity. The residues 
critical for binding are either involved directly by interacting with 
cationic residues of C5a, or indirectly by influencing the overall 
structure of the ligand-binding site. 
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ABSTRACT: The human C5a anaphylatoxin is a cationic 74 amino-acid long 
glycopeptide which derives from proteolysis of the fifth component of 
complement. It interacts with high affinity with a receptor that belongs 
to the G protein-coupled reactor superfamily. Several studies have 
previously suggested that multiple contact points between C5a and the 
receptor are required to achieve high-affinity interaction. However, at 
the receptor level little is known about the sites of interaction with 
C5a. We have investigated by in vitro mutagenesis whether the N-terminal 
extracellular sequence of the C5a receptor, which is rich in aspartic 
acid residues, could play some role in C5a binding. Conversion of Asp-10 
into asparagine did not impair the level of expression at the plasma 
membrane, nor did it alter the affinity for C5a. However, we consistently 
observed a discrepancy between an apparent high level of surface 
expression and a weak capacity to bind C5a with high affinity, suggesting 
that many receptor molecules, although present on the cell surface, might 
be midfolded and unable to bind C5a. Replacement of Pro-9 by an 
isoleucine had little effect, if any, on either the affinity or the 
C5a-binding capacity, whereas the conversion of Pro-36 into leucine 
dramatically reduced the expression of high-affinity receptor at the cell 
surface. N-glycosylation of human C5a receptor was found to be 
dispensable for the function of the receptor. 



